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Is the first two sections of the present psper 8 shori jpres«
entation of the nonlimesr theory of shells is ziven uming the

ssymmetric tensors of the tangential forces and suments
Te2C and BXF , mmmm:wmmxm

can be cousidered Lo be wmy of the Kireh=
hol hypothesis; f.e., Ty 08 a“/" 2 H For the case of
& shell of mm, t&:is aiwliﬂaatim leads Lo mu exror

of the order compared to urity, and Lo an even bigher arvor
) for shells eade of saterisl oot obsying 8 linser Hooke's lew. If
the force and monent tensors are not symseiricel, 2ucesaive 4if«
ficulties mrise in formulating the uwonlincsr relations of ¢las~
tielty, the general theorems of the ponlinear theory of shells,
the evaluestion of the sccursgy of epprimstion sethods, =te.
Therefore in Bectlom 3 of this paper, the basic force ané momont
tousores ere introduced in & form aymmetric for srbitrary straing.
In this csse it is guite matursl to sssumwe & distribution of tane
zeptial stresses over the thickness of the shell rether than to
ks geowetrisel sssumgticus. Usin: the symmetrical forae sod
mrent tensors It is possible lo find & geueral expression for
the strain potential and to sxpress the ;enerml integrals by
bomoreneous aguilibrive eguations, oot through four fumctione
a5 ie csually 8omoe, bul by threv.

in Section b the goneral sguations of oleésticily for iso-
tropie shells sre dsrived.

in Beetion 5 It ils proved that the Galerkin equaticns in
the theory of finite stredns is oot directly comnected with the
minciple of windmm potentlal eneryy as is the osse in the
lincear theory.

In Section & & Duoactional B is imtroduced wbich bas = ate-
ticoary value when static values of the boundary conditions and
the egustions of equilibrium ave reached. For the simplified
aquations the corresponding functionsl is considered in Refere
mee 1. Since the Kirchhiof hypothesis is not used to obtain
squetion (5.22) snd the l’?ﬂm are considered to be arbitrery,
the varistionsl equetion 2 0 ig applicable Lo & gbell of
sediue thickness as well 83 to physically nonlinesr provlems.



In the functional of (6.22), in additich to the Torces snd ncmends
the gquantities &, s sod .} these satisfy three geometrical mm«
tities, vhich 4o not sppesr ss simulianecus conditions for finite
ptraing, Therelore sn sdjacont stress condition is not required
to sutialy the conditions of contimuity of finjte strains end the
veristional prineiple SR ¥ 0 is spadogous in & plysical sense to
the Cagtiglisno principle in the linesr theory of elssticity.

In Bection 7 the fumctiomal R is tranefommed to the fore
(?.u), vhich does not contain a displecement.

QMMwaMt / izt&w
Mmmtwﬁmm(x,xz),& are the coordinate veas
tors of ff&aﬁ,aistwmtvmmrmrmws&tﬁe
point (=}, and by are the conponents of the first and
mmma tm&swmauﬂmas,mtm

2 B
ﬂ("‘;ﬁ;&&qp "'/i ’/%»t*o(,az’ﬁ«'/; **%’;&"fp
S p are the compoments of the dlgorisdnent tensoc:

» ;. = - : -~ 2
S FAL % M se B0 0y Ty TSR 8T apen, - ey,
For the rightehand oriemted trihedron Ay Pom we have

. . ‘ b
/i( *"‘/0/5 =<3,,<pm, " x /i oo s {1.1)
Wi /ﬂ g xf° Bt the veutors of the reciprocal besis

aul@ ‘&dﬁéﬁ)& ,I/C)\Q

For the vootors /& and w the fumwim suntions are vallds

V//,‘,,(‘én»V/ - ,:a,,(e--"af/ﬂ {x.2)

Here sud in the following, V ig & si.n for coverisnt Gif-
feventintion vith respect to BB

Lot C be the sontour of the xedian suyfece, 8 ils sre loogth,
n end T upit vectors nmormal and tencent to C. mWﬁw@f
5 and T {0 the system of coordinetss x* and x° n 2 are gives by
the formdas



W ”'6« ez a”, (1.3)
a% =a°‘f5/cp, T we*a_

In the following, all seomstricel snd physicel guantities re-
ferring o the streined swfage 5% will be starred. The forulss
yimmmmm%mmmu/,&,m,

B s Ty 88, «vs sre changed to 2%, &,
m;;ﬁo(p‘ﬁb_‘{;yg’ ﬁ,(; “, u;*‘,/z‘. * M] Py /ﬁk

Let ¥ be the ement veetor of the point (xt, x2) of the
muatame &, /8% 2 hmrﬁ&mvv&m‘g{mm&w@
strain deforwstion, z.e.,ermm ) of the surface 5%,
The esmponents of the firet tensor (p tbammwm(q)
of strsic sro determined by the e@.&u&i

ad\&zc

%exp #aq,@*“““.p *eie fepq-ra. .:.ne,,;f“’d""ﬁ’ {1.h)

; = & -
Lo = Yxp P g

PRI R . SUF TRV L

“up T\ Ve wp? On TV W # 55V s (1.5}
- o .
, vE L ?o(s}w g
Y ; oy
ﬁo{ﬂ ﬁv u),@ *{3/6’ ”’Qﬁ, -\{3 "Vo&ﬁ;** {"é)/@&o( (3.0’5)
s Po (T FalHS S 42 f0 (2.8
.s’f‘.’i’(géﬂu o(pwyig,zﬂfef’?)

o % allf apyf lppls py Tod p exP oAy 9,819

For the coefficienta of the eammﬁw Y s T

of the surfaces © sad 5% we heve the relations 2P
%Y YO\ o : : -

I_e-(/&= rx/) ¥ 2 fﬁ;uo(p (?z,oxp*vx?g/\a‘ §1.10)
MWPYO"@ deponds on the sngles of ion of an
&W of the wadlln surface. In fmet, putting Vo' /% ¥ 28 o%,

(vher: 18 & sign of coverlent differentistion with fespect Lo

M i the expression



Vo #omby, b o B oy o ¥

we have

Prrup 2 NL S R A MV fe FNL W 2

(P, 4/ ehbmon) Gy 4V T,
Henoe, ve Dind

Fys ’ <P Wv“*«p 1‘82 Spleva Feyn) (1.1)

prjiam. let the shell bo in & siate
1%%&&@&»&2&%1 mmmmmmmmmm
by the weetor Su mnd comsistent with the comstreints present om
the shell. Then the initislly poasible perturbations for a threee
dimensional body are expressible by the cvelstions

Shs S§§ Fa* Sualld 553& . Sualls SAS o-ik gemaﬂa {2.1)
5536%3*%& : .212?;&[).

tere F* ig the force referred to o untt volume () of the
gtrained body, p is the surfece force ocourring oo & unit sireined

eurface [[, sod the ¢4y &re compomerts of the temsor of the findte
stealng,
Applying (2.1} to the mmm@ ghell, we ceb
~A .
g»&z >> (X-ﬁs . gv#ﬁw /ﬁ( n[@’ﬁ * 5%}&0‘** {;ﬁ.é}
o ®

5 (Px * gv‘f'”d(/o ¥« O L,@*Jﬁ*)&*w
c*

' e Yﬂ " l6
32 (T« ﬂgzzw ¥ LB gmﬂ -5 é’v&/& TE

M‘E,/B and KP are the components of the temsor of

the 4 il forces and womentsd




() néf) (2.3)
5 \/’. “}ié‘}-"%"ﬁ}éﬁ 8% = S Fﬁ(qu‘}&ﬁ
h{«) “a(~)

n(#)
gx® = S Fga-')d(g} - x*k/&): &%
b=

Further, = 15 o coodinate normel to 3% h{f), h{-) me the
equntions of the doundwry surfacen; Xay My are mam
externsl forces and moments with couponeuts Xp™ snd Me> in the
coovdinate system of the streined swiwoe; B Tang are referred
to & Wt arem of the strained surfuce o~%; & * is the vector of
the comtouwr of the Joed refarred to a unit length of the strained
contour Ce; OF 48 the bending moment on this contour.

From the relstions (2.0) we net the eguetions of equilibrium
W, a=? et E =$;V°(%'<ﬁf;<p ¥, %P (2.4)
w20, U mf om’ e Pe  *30
or in vestor Torn
Vet f 20, T X 40 #x2, fuga0 (2.5)

and the ghetic bodery conditicns

gp*:?*”ﬁn@,as%:ﬁ“ﬁmdﬁ% 2ai2)
2k
where
R R AT N LT R R (2.7)
R AT 2 R Y R A s (2.8)

Putting @* 3 $u™ 4§ Tudmu from (2.5) we cbtain the
scolay Tonw

i PRal X ian By & of z@% Ty, @B% 2 Be™n_# - %;23 {2.9)

If gtretehing snd sbeax me Beglicible with respect Lo onity,
the relation (2.2) can be written in the fore




Sas 2@“’93% $uCo oe (2.10)

whoere
/ao(ﬂ s "qo(!é * mo(YPyﬁ (&?.}.1)

can be taken as the gecond strein tensords a’.
M‘i‘“ﬂ mmmmmwmmmmmm‘*,
and € the components of the pure strsin:

P
W4 T2e, { M ey {2.12)

Then ptting Sp  , from (a.m) tato (2,2) ve tinga S¥, the
inorerant in the & v ofF the shsll referred to 2 walt
ares of the unatreined m purinces

Szaz'f*“ﬂg;;dﬂ ;f*b"f(!iﬂjgﬁo(ﬁ -~¥€°"3§7!;O< =
ey s B e 2
where

wxP ﬁ@@»“@é%ﬁ‘«“{zé f;%%ﬂrf > ¢
%ﬁbj{%”gi futeel )7

&&m@,iwmm (g\‘jaw e /f&&u@a
&mﬁ;wmm,mwmmm &wmrm o o ol
: o (wz&m xen of pure strain} is bullt wps in the
‘%wr}iefg. zﬁ‘m

The bagde egquetions of the nonlinesr theory of shells in
Zular varisbles aad their ravsfloruation Lo Lagranse verisbles
are ziven in articlas by Synge sod Chienss O, However the sce
wmmmwmmmammmmmm
& Yineer Booke's law, Therefore the theory given in these works
?mmw%ad:h&,ew&murmltef%%ﬁ%;mﬁ
In the derivetion of the squilibtriw equstions {2.4), the coordi-
mﬁe%sﬁmﬁ@ﬂemaﬂ%&s&mﬁ&mﬁwﬁmﬁx on 8% and
s third coordinste gz, which is the dlstance of & point on the des

» G ow



If use is made of the relations (1.10), the eguilibriue equae
tions are trasformed 1o the fow

VAN P S TN SV S w Pne 4 (2.13)
wufyzo

Vi ([ae ) 4 @@W e’ 4 23) %0 (2.3}
T, (Br<t) 4 Biadie, 2" -n (25)

g*"(n*)ﬂgd)'*) 59

and in the cese of ssell strains {o» % 8, m"‘é:\‘: udﬁ)wm
forn

X o ,
Vit attp o i <0 00, Fa W 4 (2268
xPzo
VB f oy, Fay ™ 4320 (227)

XY o . .
\Z{ﬁ*ﬂ‘ﬁ*ﬁfuﬁybwg fuar e, %0 (2.38)
Bere X°, %3, ¥ sre the components of the externsl forces

end mowents in the coopdimte system of the deforsed shell related
o & unit ares of the undefurmed surfece. The boundery condiilons
{2.9) afver subatitution of the covarient components of ihe weoc-

tors porpel and tangent to the wdeformed combtowr of the shall
cop he writbon in the form

@% %ﬁ:a‘,{ Ty 2 1‘ fﬂb"gg’ égﬁftnxﬁﬂkd "%% (‘2‘19}
ABur 2, . P
/%{%5*} ce 2B n n,

where n, and Ty ere the conponents norsal end tangent 3o the
comtour ¢ in & system of coovdinmtea on the surface B, and ds and
d8% sre clegents of puth length of the eomtour of the shell vp to
and after deformmtlion:

* 24 R g PA
ds% 2 dn 1 f 2T e Slp, L 0a B,




It should be noted that (2.16), (2.17) w& (2.18) eontsin in
an wiexpliieit form the eguilibriom eguations of the theory of
shells for large displscements cbtsined by Lyav and other mthors.
IP one vetaine in thew secondeorder infinitesimels with respect to
dleplaceponte and their derivekives, f.o., i one puts

?Y d\ptb,(pa) “byy s FAV eﬁy,qﬁpuﬁq/@ {2.20)

then they zo over into the equetions of Lyav in generalized co-
crdinaton.

Ve suppose thst q mmm
~wmnmm t&uM the seme order of
sagnitude, and ©, 15 the meximm relative extension within the
Ainits of omlity. The theory of shells bened on theae
Wmiamummmv&t&mw%mmd
plates. Ve csdl this kind of & deflaction of & abell a mesn do-
fizetion. In this case the following syproximate formulas wre

serrertt

PY %0 AR (h'*(a ;B«Ig)f o Y

Bdetitnting g, , s0d P from bere inte {2.16), (2.37)
sod (2.1B) we get mf"gqmum fé?ﬁe mean dcflcction; referred
mmnmdmgm ure they szree with the squilibriun eguations
of Xh, ¥ miﬁ Wm%immmw;m

ﬁ%mmwlfmwwdmmmmentm
strains, the pr@mia%thwyﬁ%mwmmw&hw
in terms of forces oné movents or in cosponents of the straing,
by sddinmg %o the system (2.15), (ﬁ,ﬂ), “wnd. {2.18) the common
strain conditions.

The eqguilibriue equstions for the theory of ssell strains
{2.16), {2.17) eng (2.18) cen be aisplified. Up to the loms of
stability, terms containing ssell sultiplee of P, o G ¢an be
mgimtﬁaime@vywwwt&udmmx~gg sod in the
prmaﬁmeai‘fmmthmm@utmwmwmm&
onee will be of the order ¢ .. The neglect of these
WW%&&%M&&M%&WM%M&%
equations, which we hawe assuped to be the principal ones, then~
selves sre mwll on sccount of the putusl cascellsbion of thedr
principel terms {for instance, in the solution of the probles of
the gtability of very lomg cylin@rieal tubes &uring sxisl come
presgion.

“ B -




By’ 2P fEPY, ®~P 28 o w

Substituting Te™? in the sixth equilidriue equation
Yo . ;
@sx,,@fayqﬂm 89 {3.2)
we geb o, , s8 %7 20, 1.0., 84 %2 s & symmetric tensor.

An antisysmetric temsor Q%2 = «Q % oan be determined from
the supplementary vondifTerentiel condition which assures zatching
of the tengential tensions et all points through the thickness of

On reteining the bters of amaliest degres in k this relstion
will be

M RV L T (3.3)

Fusting {3.1) in (2.2) wod considering thad the scalsr pro-
duet of & symwetrio twpaor by b entisysmetric one 1z sgual to
mero, we cbtain

Saz (5 (e S, ™ S, Haon s (3.4)
font 1

33 gfﬁfo"“@ - "&35%{“ Y, g/ﬂq * 4

% "

/3 . 24
Hy /0/3-‘* ....é.;& Bo¥

Fras this the eq@uilibriun equations follow®

Hioter It followm from (3.5) thet the sismplificstion Te=/" 2
T 2= in the vewe of & thin shell is waly perxdssible vhen the
Mfm Hax of the first two eguilibrium equetions sre

Vgﬁisgx/& I TRGIE a*"(,tx,"* 0 (3.5

'ngn



YV, %" o, Mee™ cmlu ) fx3 20 (3.6)

U, ™67 =l - ag¥Po, ™20 .7
snd the ststic boundery conditicne

B3 Tz Q'dggﬁﬂn%% 6% Hy*Cn_ %, *

hare By £ <My P n # T5® is the twisting momest o the comtowr,
Q" 15 & veckor similar to the vecter of the shear forces. Thus
there sre ssaentially six wiknowes ae =2 and N>~ in the theory
of shalls esd of sight. The same cbscrvetions vere msde by
Ae I, Iurdye”. Since for an iscthersal deforsation process the
vork of deformetion 15 & tobal differential, from (3.4} we have
the sensvel relstions of clasticity

s 2K B8 P 2 . L2 (3.9)
/%’* 2%, '/:*** ‘*‘5&:‘;;’

where ¥ is the snergy of deflcrmation of the shell, relsted to a
it aree of the mesn undeforned muxdecoe.

Ee inkrodasce still spother Lensor of forces and mcsentis,
putting

: & . LoD . ¥ {3.10)
o oo a i, B i o 2

& o . e g
/ : ’%«; o

8o well s vectors of the externsd foreds and momenis, volsted to
& it surdece of the pean undefvomed surdace:

x:/;gx,,ggzém {z.11)

Then fror (3.5)=(3.7) vo set the squations of equilibrium in
the form

V;( {“o(/ﬁ - "b/ﬁﬂ vy 4 Mﬂvpﬂ-:ucf‘(‘ﬂr’ ’%C:WYG-) - {3.12)
i gxPao
Vo e, , 62 -m Fur) gxdao (3.13)



v;( xo(lg ‘“ﬂl?l’ ao(Y *Qﬂ - ad‘*Yldgo(Y *3H (3‘1}@)

)XY
wnd frem (3.8) the shetic boundsey conditions in the form

Pz (g% »b*ﬁjﬁyd o ﬁ‘h‘i’;’cﬂﬁw gy 50 ~,§.i& (3.35)

tion with respect to &, § X =, H™ are the contrawsrisnt con-
ponents of the vestars X md M in the coardinate system of the
mean dafaxmed surfece; X3 3 mX; £ snd O, sre the comonents
of the contour Torce related to & ualt lengthof the undelormed
contour £ of the shell in the sane pysten of coordinetes; G is
the bending moment relsted o & unit length of the unSeformed
coutour. It iz lsportent to note thel for usuel displecements
sed atraing the firet snd second strain tensors afedt of & po-
tontial. In fact, istroducing the fwnotion ¥ defined by

Y- ey
Fog 20 - 1z - Y (3.18)
from the reletion

o 2F =B ozﬂ ol,é“
SrzRhp Sunf 4 2L Jn Py
z;o(ﬂ§%%°‘ﬁ is“ﬁ£§°€f9 ~z&“ﬁ§gd(d -5'%&

teking (3.10) into sscoumt wo obtadn formulams sdmiler to the
Castisiienc forsules in the linewr theory:

. # 9? g - 9? . 4
CVIRE PSR R 34

In the cage of suell displacensts snd ahears vwe bave
oF = 5°<ﬁ§°(ﬂ - ig{"‘ﬁgg y {3.38)

In this cese for on eleatle copdition of the shell, F iz the
wirk of Geformstion, and fer an clastic-plagtic condition it i
the sdditional work, We present squations {3.5)-{3.7) in the
vectorisl form

Vo™ #xas0, V 9, 42 #xyy™ fue=o (3.29)
where



0% e’ £, 8 f s ugh e T 1™ % tewx , o(3.20)
ptions are setisfled for s T My ® 0, pubting
£, =e.°‘F*V,9*7*, T = g,g*o(,@N g flp, #x 374 (3.21)

where P end ¢ wve certaln vectors. Bince Ia™ * mp ® 0, thess
veotors satialy the conditions

pr 2 e P (T, p # 0, (3.22)
st
2P S imaPs ¢ R R P (3.23)
Pros a conparison of {3.20) end {3.21) we et
5P 2 en=Ton OV (T, ¢ A0%7y) - (3.24)
80 se V" (Ve *Q _ ~ba Pl
Mo % en Tea BY(T 2y ~ by *¢) oy {3.25}

o *its**#),\ivyfif%“ﬁvﬂ*qv (3.26)

finze 2 ‘3«,& # 20, it Pollovs from {3.25) that
'ﬁf”‘%“ 8 Wﬂmgme&mhmimafmmw
REDRONE mtm os three independent Dunctione o d o«

R N T

XA gt Strespthenive st E4x bz the

, Tinite sirain temsor {ci ¥ gi® Exals

aikmwmmmmmxwmm m&mmmn-
dinabe sysben of the shell alter dsforwation; snd %° the eneryy

mity for deformmtios of the shell considered s & three-

dimensional body. Then for an isctropic shell during deforpae

txmwmmtmwmmmm relstions

Ak SE 2 N ZE oy HE s B - (B F e St

%gﬁiégﬁ

wt

where ¥° depends only cn the inverisats of the tenser eé



31_ 2 g‘ﬁ‘ €4 % = 5&2 - Eiﬁg, @3 z astl 5;3, {k.1)

g:s.;a&i}maé&g

I we take the Kirohbof hypothesis (£31 2 £.7 2 0), then
the relations of (h.1) mre considersbly siuplified) since for
this csse

e f a33>, 8, ¥ %533,632, 83 aﬁeeﬁ h.2)
vhnre the quentitios 9; and 6, are epressed by the formulas
eluga“/ﬁzsﬂ"gﬂxe«v%*ke“”eﬂl L (4.3)

snd are the ioverlants with e 1o 2 travulorpetion of Caussisn
soordinates on the mufasres x° % oomst. To detemine cq & weo teke
58 umuml o35 £ O, Thess putting tn (Bl) i =k » m?mmg
mmmimmmsysz,msﬁm(&.g,mMm
equation of the form ‘

2oy, g 83;33 =g (boh)
We note further thst in the rolstions (8,1} for i, x 5 1, 2

Lexly

L
(st o B £ femre) 3

Then subsbituting this lest expression in (5.1} snd teking Lo
secount (4.2) mnd (L) we set the comdition for the elsaticity of
an factropic gbell

Qdﬁzﬁi“’d ;Elqﬂﬁi E?Zl). {M’/g,’fa’ /l :lcg) {k’vﬁ*}

where Ay* @ and By %€ A are functions of the imvarisnte 8y and @,
mw'a
In order to express the Dorces and powmsnts by nesos of the
deforpedions of the murfece it i¢ necespary to consider that @, and
dapend on the following invarisnts of the strein tensers the
200!

¥ F axXr ch’@ )9 ® axp qa(ﬂ, o m{;:’,‘), 4 * M{qi} (h.6)

= ot ® XS 1 IO B R e o
AR IR L % T Cop9hwhe ¥ 20797

- 13 -



mw,mwmwmm“mm,mm
in the geversl case on these eicht psremeters.

Therefors, e note thet

-«&—-:a?‘(ﬁ,.@gﬂ—.anﬁ 2 W) (x.7)
9

*

gy -9, .,..a....i,ﬁqﬂ Eﬂ;gwﬁ,

u—ai—&—z»m—-&mﬁa"/@hwqdla
2% 9»0(/5
Prows (3.10) we cbtain the condition of elspticity

Bﬁ-d& ,{g&?d? "Eﬁ%u’é

where

333_““57-‘:"‘“’( ;ﬂ-%ml;ww”;-ﬁ, {3.9)
Iy ® "E:ﬁi{’“é ‘Eo"a{ fl’l }‘i;_ 2%):‘

Eelation (%wu} ﬁ,ﬁ Wmm o defermationg of ususd yegnd-
dopendent the ¥irehhof hypothesis for conditions

L <
Y ® 5 WRded

-5

We consider the case of soell clsstic-plastic deformetions
of & ehell vith large &isplecements. In this cose to the limits
of acourssy of the Kirchhof hypothesis the forwnles of the first
spproxcimetion of Kirchhof«lysw ey be used. The work of volume
deformations in the plastic stete 12

- ik -




o # Kr Bl my® 4 Eg? (%.20)

where 2h {5 the thickness of the ebell, 1, « wsre lesa constants,
and £ is the bulk compreseion modulus. Bince the wnergy density
for chenge of form in the plastic state of & mmterial depends omly
an the pecond tnwvarient of the devistion of the defuwation, the
W% Yo Ty ¢! woler the expression ¥ throuh the in-

Ppalﬁl}ﬁ‘ﬁzu? (@3)?* P 2 Fhr (s.12)
mmwmmwmm&mw&mmm
et4 *aqpfclgﬂl ;BxﬂﬁﬂgmA,xxﬂ 2 pXBRA yﬁx;{g‘m}
e *ATA g 7

whers

AXPTL g gqotf g TR [Br

s L e

,gu,&ﬂ,} - %‘Iﬁ €ﬁ°<ﬂ a/C,l ; &cxlt /3,15‘

R )

ars integrals introduced by &. A, Dyuabin®™ in the cese of plstes.
ﬁﬁim a0 exact aokiuw

zonke is Mﬁa&t m in m m:nm m. Wm, w.iw
tion 18 mede of spproxiwede .
mmmwmmumofwm mmmmm in-
vesbipgaticn of implise phenooens in shalls, the varistionsl eguo-
tlon (2.2} is usumlly used, expressing t:iw arigin of the possible
&isplacemsuiy

ket . »




. Y = Y& . }
a2 ) @F s, dnTn Ol (5.2)
e TR LIRS 55* (= Sy - ﬁﬁ"ﬁ Sa 0"

1 the axternsl forces permit & potential, then the dlscovery
of functions setislying equation (5.1} comes dowm to finding & mini-
e of the total potential eneryy (Ritz method). The sppromimmtion
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The tirst imtegral in (6,13} agrees 1n fors with the right-
had gide of (6.8). Therefore on integrsting by perts from Xy
we got the equilibrims oquations sod the boundary conditions with
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{c) on the conbowr of the undeformed sarface the verintions
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This theores alsc expyresses the origin of possible changes
of the streswed gtate in the mounlinesr theery of shells.

In the cape of infinitely srmll displacewonis the stationmy
value ie & smintean, and SR 2 O egresses Castigliano’s principle.
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